Background Focality of onset of amyotrophic lateral sclerosis (ALS) is not understood. Attempts to implicate physical exercise in the aetiology of ALS have provided inconsistent results. If physical use of a limb were important in defining the site of onset, then handedness might be expected to influence the side of upper limb-onset disease and footedness likewise in lower limb-onset ALS. Methods ALS patients registered with an internet-based support site were invited to complete an online questionnaire concerning site of onset of symptoms and their dominant hand and foot. A binomial test of proportions was used to investigate the null hypothesis that handedness and footedness do not influence side of onset in upper and lower limb-onset ALS, respectively. Results 343 ALS patients with limb-onset disease were studied. For upper limb-onset patients, there was concordance for side of onset and handedness (64%; p<0.0006). For lower limb-onset patients, concordance for side of onset and footedness was absent. The frequency of left handedness was commensurate with that found in the general population. Interpretation These results are potentially consistent with the hypothesis that exercise influences pathogenesis in ALS since routine physical demands on the upper limb are heavily influenced by limb dominance, whereas in the lower limbs the commonest function is standing or locomotion, which uses both legs equally. However, there may also be an inherent cortical vulnerability underlying upper limb-onset laterality, possibly influenced by changes in neuronal connectivity and cortical excitability in relation to handedness and reflected by the "split hand" phenomenon consistently observed in ALS.
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ABSTRACT
Background Focality of onset of amyotrophic lateral sclerosis (ALS) is not understood. Attempts to implicate physical exercise in the aetiology of ALS have provided inconsistent results. If physical use of a limb were important in defining the site of onset, then handedness might be expected to influence the side of upper limb-onset disease and footedness likewise in lower limb-onset ALS. Methods ALS patients registered with an internet-based support site were invited to complete an online questionnaire concerning site of onset of symptoms and their dominant hand and foot. A binomial test of proportions was used to investigate the null hypothesis that handedness and footedness do not influence side of onset in upper and lower limb-onset ALS, respectively. Results 343 ALS patients with limb-onset disease were studied. For upper limb-onset patients, there was concordance for side of onset and handedness (64%; p<0.0006). For lower limb-onset patients, concordance for side of onset and footedness was absent. The frequency of left handedness was commensurate with that found in the general population. Interpretation These results are potentially consistent with the hypothesis that exercise influences pathogenesis in ALS since routine physical demands on the upper limb are heavily influenced by limb dominance, whereas in the lower limbs the commonest function is standing or locomotion, which uses both legs equally. However, there may also be an inherent cortical vulnerability underlying upper limb-onset laterality, possibly influenced by changes in neuronal connectivity and cortical excitability in relation to handedness and reflected by the "split hand" phenomenon consistently observed in ALS.
The site of onset of loss of function in the neurodegenerative disorder amyotrophic lateral sclerosis (ALS) is approximately divided equally between upper limb, lower limb and bulbar territories, 1 with only a very small proportion (w3%) beginning in the respiratory or axial musculature. 2 Although there are a number of active themes in the quest to understand pathogenesis in ALS, 3 very little is known about why the onset is focal, though it has been shown that upper (UMN) and lower motor neuron (LMN) signs (the hallmark of ALS) are maximal within this territory and show contiguous spread. 4 The inconsistent observations of relative athleticism among people with ALS 5e7 have led to continued debate about the possible role of physical exercise in the pathogenesis of ALS, 8 and putative direct effects via excitotoxicity and mitochondrial dysfunction. 3 A more indirect association, whereby the genetic profiles that underlie ALS susceptibility and athleticism have common components, 9 currently seems equally, if not more, likely. If physical exercise is a direct determinant of motor neuron damage, then it might be expected that the site onset of symptoms in limb-onset ALS would be biased in favour of the dominant limb through relatively greater use. We attempted to confirm the null hypothesis that the side of initial symptoms in limbonset ALS is unrelated to limb dominance.
METHODS
Patientslikeme.com is an internet-based information and support resource for patients with a variety of diseases. ALS patients who had selfregistered on the site were invited to complete an anonymous on-line questionnaire to establish the site of onset of their symptoms and their dominance for upper limb (UL) use (handedness) and lower limb (LL) use (footedness). The specific hypothesis was not mentioned to reduce bias, and respondents were only able to submit one questionnaire.
Independence of variables was tested using c 2 for categorical variables and linear regression for continuous variables.
A binomial test of proportions was used to establish the degree of concordance between the side of onset and handedness or footedness for upper and lower limb-onset ALS patients, respectively. Under the null hypothesis, side of onset and limb dominance should be independent and, therefore, equally likely.
All calculations were performed using SPSS (V.14, SPSS Inc).
RESULTS

Overall group
A total of 502 patients responded (estimated to be 75% of the total possible). Seventy-two patients were either unable to specify the site of symptom onset (n¼13) or entered more than one site for initial symptoms (n¼59) and were removed from the subsequent analysis. Of the remaining 430 patients, 55% were male. The mean age of respondents was 56 years (SD 10, 26e82); there were no significant differences in age with respect to sex. The site of initial symptoms was bulbar in 18%, UL 37% (right 23%, left 14%), LL 43% (right 24%, left 19%) and respiratory 2%. There was no significant difference in the proportion of left-handedness or leftfootedness for males versus females, nor for bulbar versus limb-onset patients. The male:female ratio was significantly reversed for bulbar (0.7:1) versus limb-onset patients (1.3:1; p¼0.006) but with no significant difference in mean age.
Limb-onset sub-group
A total of 343 limb-onset patients were available for analysis. For handedness, 87% reported right dominance, 10% left and 3% equal. For footedness, 86% reported right dominance, 10% left and 4% equal. Ten patients (3%) reported discordance for upper and lower limb dominance.
Concordance of handedness to side of UL onset
Excluding those reporting equal dominance for handedness (n¼11), for upper limb-onset patients, there was concordance for side of onset and handedness: 97 of 151 (64%) overall (right 90 of 139 and left 7 of 12); p<0.0006. 
Concordance of footedness to side of LL onset
DISCUSSION
This study demonstrated high concordance for handedness and side of upper limb-onset ALS but no similar relationship in relation to footedness and side of lower limb onset.
For the upper limb-onset patients, our finding is potentially consistent with the hypothesis that exercise influences pathogenesis in ALS, since routine physical demands on the upper limb are heavily influenced by limb dominance. For the lower limb-onset patients, the lack of an effect of footedness is also consistent with this hypothesis since the commonest function is standing or locomotion, which uses both legs equally.
However, another potential reason for a difference in the result between upper and lower limb onset is some inherent vulnerability in upper limb motor neuronal organisation and laterality. There is evidence for greater connectivity in the dominant motor cortex with respect to handedness 10 ; specifically, it has been noted that the production of movements in dominant and non-dominant hands involves distinct cerebral networks. 11 Evolutionary aspects of neocortical function might have relevance to ALS pathogenesis, in that humans have evolved uniquely complex levels of corticomotoneuronal organisation and connectivity as part of the switch to bipedal locomotion and particularly the development of fine hand control through an opposable thumb. 12 Such complexity may have come at a price and harbour a vulnerability in the ageing motor system unmasked by ALS. The demonstration of a cortical correlate of the "split hand" phenomenon (preferential wasting of the lateral thenar aspect of the hand) in ALS patients 13 suggests that it is at least plausible that upper limb-onset ALS favours the dominant hand through increased cortical connectivity. Furthermore, in light of the demonstration of cortical hyperexcitability as a feature of early sporadic ALS 14 and as a preceding event in familial ALS, 15 it is noteworthy that a transcranial magnetic stimulation study in relation to handedness in healthy participants demonstrated a shorter cortical silent period (reflecting reduced inhibitory function) in the dominant hand. 16 A study of 21 cases of monomelic atrophy (a purely LMN syndrome) showed no relationship to handedness. 17 Although not ascertained in our study, it may be pertinent to explore handedness in relation to upper limb-onset ALS further with respect to the degree of UMN involvement clinically.
Finally, with reference to the proposal that ALS may be associated with previous athleticism, although left handedness has been noted to be higher among the sporting elite, reaching 50% in some disciplines, 18 we did not observe any increase in left handedness in ALS patients compared with the general population.
Limitations
The use of a questionnaire-based survey is potentially subject to responder and recall bias. In respect of responder bias, however, the demographics, the distribution of the frequencies of the sites of symptom onset and the sex ratio differences between bulbar and limb onset suggest that our responders are representative of the general ALS population. With respect to recall bias, it is likely that weakness will be noticed sooner in a dominant limb if both limbs are equally weak because of the greater awareness and higher use. While this cannot be completely excluded as an explanation for our findings, it would not be consistent with our overall observation of focal onset of disease. There is also a potential discrepancy between questionnaire and performancebased measures of footedness that may have confounded the results in relation to this. 19 Prospective, clinic-based studies of handedness in relation to upper limb-onset ALS are needed to confirm our findings, and further research aimed specifically at understanding more about corticomotoneuronal connectivity might be revealing.
